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Description 



VACCINE COMPRISING CYTOKINE-INDUCED HEAT SHOCK PROTEINS (HSP) 
The present invention relates to a vaccine and a method for producing a vaccine. 

BACKGROUND OF THE INVENTION 

An important component of any human immune response is the presentation of antigens to 
T cells by antigen presenting cells (APCs) such as macrophages, B cells or dendritic cells. 

Fragments of foreign antigens are presented on the surface of the macrophage in combination with 
Major histocompatibility complex (MHC) molecules, in association with helper molecules, such as 
CD4 and CD8 molecules. Such"antigenic fragments presented in this way, are recognised by the T 
cell receptor of T cells, and the interaction of the antigen with the T cell receptor results in antigen- 
specific T cell proliferation, and secretion of lymphokines by the T-cells. 

The nature of the antigenic fragment presented by the APCs is critical in establishing immunity. Heat 
shock proteins (HSPs) form a family of highly conserved proteins that are widely distributed 
throughout the plant and animal kingdoms. On the basis of their molecular weights, HSPs are 
grouped into six different families : small (hsp 20-30ka); hsp40 ; hsp60 ; hsp70 ; hsp90 ; and hsp 100. 
Although HSPs were originally identified in cells subjected to heat stress, they have been found to be 
associated with many other forms of stress such as infections, and are thus more commonly known 
as"stress proteins" (SPs). 

Members of the mammalian hsp90 family include cytosolic hsp90 (hsp83) and the endoplasmic 
reticulum counterparts hsp90 (hsp83), hsp87, Grp94 (Erp99) and gp97. See for instance Gething et 
al (1992) Nature 355 : 33-45. Members of the hsp70 family include cytosolic hsp70 (p73) and hsp70 
(p72), the endoplasmic reticulum counterpart BiP (Grp78), and the mitochondrial counterpart hsp70 
(Grp75). Members of the mammalian hsp60 family have only been identified in the mitochondria. 

SPs are ubiquitous within cells, one of the roles of SPs is to chaperone peptides from one cellular 
compartment to another and to present peptides to the MHC molecules for cell 
surface presentation to the immune system. In the case of diseased cells, SPs also chaperone viral 
or tumour-associated peptides to the cell-surface. Li and Sirivastave (1994) Behring- Inst Mitf, 94: 
37-47 and Suzue et al. (1997) Proc. Natl. Acad. Sci. USA 94 : 13146-51. The chaperone function is 
accomplished through the formation of complexes between SPs and proteins and between SPs and 
viral or tumour-associated peptides in an ATP-dependent reaction. SPs bind a wide spectrum of 
peptides in an ATP dependent manner. The bound peptides appear to be a random mix of peptides. 
The mixtures and exact natures of the peptides have not been determined. The association of SPs 
with various peptides has been observed in normal tissues as well and is not a tumour-specific 
phenomenon. See Srivastava (1994) Experimentia 50 : 1054-60. 

For instance, expression of hsp26, hsp60, hsp70 and hsp90 on the surface of human chronic myeloid 
leukemia (CML) cells from patients has been observed, Chant et al. (1995) Br. > Haematol. 90: 163- 
8. Cell surface expression of hsp70 has been detected on normal, pre-malignant and malignant 
human oral mucosa, Kaur et al. (1998) Oral Oncol. 34 : 93-8. 

A correlation of hsp70 expression with clinico-pathological features showed a positive association with 
the severity of dysplasia in oral mucosal epithelium. 

Ito et al. (1998) J. Oral. Pathol. Med. 27: 18-22, reported that they examined 24 specimens of 
squamous cell carcinoma of the tongue and found that, although SP immunohistochemistry revealed 
changes in expression during tumorigenesis, there was no observed correlation with other clinical 
features studied (survival period, stage, lymph node metastasis, histological grade or p53 immuno- 
staining) L lf A , 

It is currently believed that the antigenicity of SPs results not from the SP per se, but from the 
complex of peptide associated with the SP. This conclusion is based on a number of characteristics of 
the complexes. There are no differences in the structure of SPs derived from normal and tumour 
cells. Certain complexes lose their immunogenicity upon treatment with ATP, Udoho et al. (1993) 
J.Exp.Med. 178: 1391-96. Such loss of immunogenicity is due to dissociation of the complex into its 
SP and peptide components. 

In a therapeutic context, it has been proposed to use SP-antigen complexes as vaccines. In 
- particular, US Patent No. 5, 750, 119 to-Srivastava discloses a multi-step, cancer patient . 
specific method for inhibiting the poliferation of a tumour in a mammal, by (a) removing tumour from 
the mammal ; (b) isolating all complexes from the tumour cells and (c) administering the isolated 
complexes back to the mammal in order to stimulate a tumourspecific immune response. Hsp70- 
peptide, hsp90-peptide and gp96-peptide complexes are itemised as complexes having particular 
vaccine' utility. Nevertheless, in the practice of the method disclosed by Srivastava, it is not 
considered necessary or even practical to isolate a specific peptide involved or even the particular 
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complex in eliciting the immune response. 

WO 97/10000 and WO 97/10001 disclose that a mixture of heat shock proteins (HSPs) isolated from 

cancer cells or virally infected cells are capable eliciting protective immunity or cytotoxic T 

lymphocytes to the cognate tumour or viral antigen. However, in contrast, 

HSPs isolated from normal cells are unable to elicit such immunity. It is now thought that 

HSPs are not immunogenic per se, but are able to elicit immunity because of their association with 

tumour or virus specific antigenic peptides that are generated during antigen processing. Specifically, 

the peptides associated with the HSPs are immunogenic, and are presented to the T cells. HSPs 

stripped of associated peptides lose their immunogenicity (Udono, H. and Srivastava, P. K. , Journal 

of Experimental Medicine, 178, page 1391 ff, 1993). To date, the nature of these peptides has not 

been determined. 

The immunogenicity of HSP preparations depends upon the presence of phagocytic cells, such as 
macrophages and other APCs. It is now thought that HSPs are taken up by macrophages, and those 
peptides associated with the HSPs are then presented by MHC class I molecules of the macrophage. 
In this way, a T cell response is initiated. 

The use of HSP proteins as vaccine components has been disclosed in WO 95/24923 and 
WO 98/34641. HSPs isolated from tumour cells or viral infected cells have been suggested as a 
source of antigenic peptides, which could then be presented to T cells. This necessitates the 
production and purification of HSPs from such cells. In order to help the purification, cells may be 
treated by heat shock or other stresses, to increase intracellular levels of the 
SPs. However, it is not presently know if such induced SPs will form immunogenic complexes with 
heterologous peptides as do constitutively expressed HSPs. 

The stimulation of cells by heat shock produces a general increase in the level of heat shock proteins. 
Ideally it would be desirable to stimulate the production of only a subset of HSPs, which are 
especially immunogenic. Such a subset of HSPs would be particularly suitable for use in the 
production of a vaccine. A number of other stresses such as osmotic stress, oxidative stress or 
heavy-metal treatment are known to produce closely related HSPs. 

However, at present, there is no way to specifically stimulate cells to produce such a subset of HSPs 
with enhanced immunogenicity. 

SUMMARY OF THE INVENTION . 

Therefore, in a first aspect, the present invention provides a method for producing a vaccine, 

comprising the steps of 

a) treating virally infected, recombinant or cancerous cells with a cytokine ; 

b) extraction of heat shock proteins from the treated cells ; and 

c) use of the extracted heat shock proteins in the preparation of a vaccine. 

It is surprising that the treatment of virally infected, transformed or cancerous cells with cytokines, 
particularly interferon-a, produces HSPs which are more immunogenic than 

HSPs derived from cells which have been heat shocked. The most notable aspect of immunity elicited 
by cytokine-induced HSPs is the long-term memory compared to that induced by immunisation by 
other HSP subsets. 

The term M vaccine n as used herein, refers to any composition which stimulates the immune system 
such that it can better respond to subsequent infections. It will be appreciated that a vaccine usually 
contains an immunogenic determinant and an adjuvant, which nonspecifically enhances the response 
to that determinant. 

Preferably, the immunogenic determinant for the present invention is delivered in combination with an 
adjuvant. Suitable adjuvants are readily apparent to the person skilled in the art, such as Freund s 
complete adjuvant, Freund's incomplete adjuvant, Quil A, 

Detox ISCOMs or squalene. However, it will be appreciated that the vaccine of the present invention 
may also be effective without an adjuvant. Such a vaccine may be given by any suitable means, such 
as orally, or by injection. 

The term"heat shock protein as used herein, is standard in the art, and includes those ~ proteins 
which are induced when a cell is subjected to heat stress, such as HSP70 and 
GRP96. These proteins play a role in the protection of other cellular proteins from the effects of heat 
stress Heat shock proteins (HSPs) are also expressed under normal cellular conditions, where they 
play a role in protein folding. The family of HSPs includes stress proteins (SPs) and the members of 
-this family of-proteins-that are both eonstitutively-expressed as well as those induced.by a.vanety of 
other stresses including enviromental insults and oxidative and osmotic stresses. The family of HSPs 
is defined primarily on amino acid sequence homologies. 

Eucaryotic ceils contain a number of families of HSPs, such as the HSP90 family, the 

HSP70 family, the HSP60 family and the GRP96 family (endoplasmin). These families are named on 

the basis of the size of the peptides which they encode. The families are highly conserved between 
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species. In addition, manffeteria also express homologies Sfflr 
vaccine contains at least one HSP derived from the cytoplasm oftta^J^W^ 
cancerous cell, and one that is membrane bound. We parteulariy are for 

the GRP96 families of proteins are used as immunogenic determinants in toe present inven t»n,wnn 
HSP70 and GRP96 most preferred. Preferably the immunogenic proteins have greater than 25 h 
homoloS 'and/or : 20%°dentity at the amino acid level to the heat-induced HSP prote.n famH.es. 

The term-cytokine", as used herein, is standard in the art, and refers to an intercellular chemical 
Clonal The oresent invention requires that the cytokine that is used is able to stimulate the presence 

(TNFa), interleukins 1 and 6 (IL1 and IL6). 

Treatment of virally infected, recombinant or cancer cells with IFN-a elicits HSPs that are more 
immunoqenic by wetoht, than those HSPs derived from cells that have been heat shocked producing 
hXrtitrls of antibod es and/or frequencies of cytotoxic T-cells. It will- be appreciated that these 

from the cancer cell or carry the fragments of the viral 
peptide? XhoS : being constrained by theory, it is thought that cytokine treatment works either to 
soecificallv induce those HSPs most able to interact with peptides, or to induce those hsps wnicn i are 
most eas ily phagocytosed by APCs, or both. The cytokine may also act to increase > levels of v. al or 
Smour ^^eptidesr^ch are then able to interact with the HSPs and, thus, are suitable for effective 
stimulation of the immune system. 

In the case of treatment with other cytokines, the present invention includes any suitable method of 
rvtokinetreatme™ a subset of HSPs that are more immunogenic, by weight, than 

^^d^ S^atatec* atone. Comparative immunogenicity can be determined by in vivo 
lestlng^n animal models. Other suitable methods will be readily apparent to the person skilled ,n the 
art/Current Protocols in Immunology', Wiley Interscience, 1997. 

The tumour-derived transformed or virally infected cells are preferably treated with the cytokine in 
vitro Crfokines I are surtaby used at 0. 5-1000 international units (i. u)/ml of media preferably -about 
i too \ XUltitel ly for IFN-a we prefer that cells are treated with 10-500 i.u /ml and are then 
cultured foTlO 1?Ss y AI?emativei y , cells may be grown on cytokine-producng feeder-monolayers 
or induced to produce endogenous cytokines. 

However, it will be appreciated that some cells are more sensitive than o J w and thus a greater or 
lesser amount of cytokine may be needed. For example, IFN-a is effective at O. 1-2 pg per m or 
med£ wtt an ECvTnfected fibroblast cell line 2D9 but at 1-100 pg w*U.eB6« Jl neDau 
Moreover the incubation time of cells with cytokines is also variable. We prefer that a 6-18 hour 
exposure time is used, but this time may be reduced to 0. 5-4 hours in some cases and still be 
effective. 

Th* moans to test for optimum cytokine levels and incubation period are readily available to the 
lefson Sled n the art P H oweve^°t will be appreciated that the exact level of cytokine is not crucial to 
The invent on as ong as the treatment stimulates the production of the desired immunog en.c ^HSPs 
within the > trekted ceHs Similarly, the other conditions of treatment, such as the ength of exposure to 
cvtoWne cell InVuSon rSia and temperature of incubation are not essential features of present 
Ken ion and I may ^be vaneddepending upon the exact nature of the cell popu at 'on and qjok ne that 
!s used Means tovary and optimise these parameters will be readily apparent to the person skilled in 
the art. 

Preferably the cytokine is isolated from the same organism as the cell which is to be treated. 
Treatment of cells with cytokines from the same organism provides optimum ^timulat on of 
HSPs However the use of cytokines from other species or individuals may also be useful in up- 
"egulation of toe HSP levels in cells, to provide suitable HSPs for use in the present invention. 

The terms'virally infectedVrecombinanfand'tumour'cells are standard in the art. Cells suitable for use 
in the Dr?sent invention include any form of tumour cell, cells infected with any virus and cells 
rensformed to express heterlogous proteins or peptides. Such cells contain antigens which are not 
usX Slesent in uninfected or normal cells or cell lines, or which are not normally Presented to the 

imSne s^ ° f such P e P tides which interact with HSPs are ^ X ° ^ 

body's immune response to such abnormal cells. 

- - In the case of recombinant-cell lines,-the heterologous antigens. expressed include any molecules to 
which an Tmmune response is desired, including protozoan, parasitic, fungal and bacterial antigens. 

Anv suitable virally infected, recombinant or tumour cell can be used in the present invention, to 
nmvfde a source of HSP In the case of tumour cells, we prefer that the cells used for extraction of 
HSPs are ceMs derived directly fro m the tumour cells, although transformed cells are also appropriate. 
Methods for toe ^?Srmltion of cells extracted from tumours, for example, are well known and 
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standard in the art. Furthermore, means for isolating tumorogenic or viraliy infected cells are well 
known, and may involve such techniques as biopsies, surgery, use of blood cells or cell scrapings 
from the throat or " 
mouth. Recombinant cells can be produced by transfection, retroviral infection and other 
methods well known in the art. Other methods for the isolation of tumorogenic or viraliy 
infected cells will be readily apparent to the person skilled in the art. 

In addition, we prefer that viraliy infected cells are obtained by infection of an appropriate 
cell line with the desired virus in vitro. Cells infected in this way can then be stimulated to produce 
antigenic HSPs, suitable for vaccination against that virus. This includes recombinant viruses that 
carry antigenic epitopes from a heterologous source such as those used to produce recombinant 
vaccines. These also include all types of transfected recombinant cells used to produce recombinant 
vaccipes, such as mammalian cell lines transfected with recombinant vectors by standard methods in 
the art such as electropo ration, liposome fusion and calcium phosphate. Furthermore, the invention 
also includes the use of HSPs from eucaryotic cells that respond to treatment of cytokines, including 
those expressing homologous, and recombinant cell lines expressing heterologous antigens. While 
the antigens are predominantly proteins and peptides, they can also include carbohydrate, nucleic 
acid and lipid moieties that bind HSPs. 

It will be appreciated that HSPs derived from tumour cells, for example, will in general only be able to 
provide immune protection against the specific tumour from which the cells were derived. In order to 
provide the best vaccine protection, it would therefore be desirable to combine HSP preparations 
derived from a number of different tumours. This could provide immune protection against the full 
range of tumours, by exposing the immune system to antigens from each different type of tumour cell. 
Alternatively multiple tumour antigens, such as melanoma-associated antigens (MAGEs) and prostate 
specific antigen (PSA), can be expressed in recombinant cells which are then used to produce the 
cytokine induced HSPs. Similar arguments apply equally to antigens derived from viraliy infected 
cells. In the case that HSPs from different tumours are combined to form a vaccine, then we prefer 
that the HSP preparations are derived from the same species as the organism which is to be 
vaccinated. In the case of recombinant antigens and viral antigens heterlogous HSP vaccines are 
equally preferred. 

Moreover, it will be appreciated that a patient-specific cancer vaccine is also encompassed by the 
invention. The vaccine can be prepared by isolating a specific patient's tumour cells, for example, and 
treating the cells with a cytokine to stimulate the production of HSPs. The 

HSPs produced in this way could then be purified and be used in a vaccine, to stimulate the patients 
specific immune response to his or her own tumour. 

It will further be appreciated that different tumours may share the same antigenic peptides, in which 
case a HSP preparation derived from one specific tumour line would provide immune protection 
against other tumours, which also share the same antigenic peptide - fragment. Recombinant cells 
expressing tumour antigens can also be used to produce effective HSP vaccine preparations. 

The extraction and purification of HSP proteins from viraliy infected cells or tumour cells is standard in 
the art. Suitable methods include disruption of treated cells by homogenisation or sonication, followed 
by centrifugation to obtain a crude HSP preparation in the supernatant. In addition, ConA fractionation 
or ADP binding columns can also be used to purify the HSPs. Other suitable methods for the 
extraction of HSPs are readily available to the person skilled in the art, see for example those 
described in WO 97/10000 and WO 97/10001. 

It will be appreciated that the present invention also includes methods of producing and isolating 
specific immunogenic HSPs from cancer cells, recombinant cells or viraliy infected cells, essentially 
as described above. HSPs derived in this way may be used to isolate samples of antigenic peptides, 
for example. 

Methods of medical treatment using the vaccine of the present invention are also included in the 
present invention. Such methods include the administration of a pharmaceutical^ acceptable quantity 
of immunogenic determinant, optionally in combination with an adjuvant, sufficient to elicit an immune 
response in a patient. 

Examples 

The following examples are provided to illustrate, but not limit, the described invention. 
Example 1 Preparation of cytokine-induced SPs. 

One ..specific-example of. the HSP_preparation process is asjollows. Cancerous or viraliy infected cells 
are incubated in a serum free media, such as RPMI (Sigma), with a suitable cytokine overnight. Cells 
are then washed in serum-free media, followed by a wash in phosphate buffered saline (PBS). The 
cells are then re-suspended in homogenisation buffer. 

The homogenisation buffer may be a hypotonic buffer, such as 10 mM phosphate pH 7. 4 with 2mM 
MgC12, after which the cells are then disrupted using a cell homogeniser (e. g. a 
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hfgh speed centrifugation step, typically 100, OOOg for 15-30 minutes. 

The supernatant thus obtained is processed to give a protein complex suitable for use -In a vaccine. 
This can be done simply by ammonium sulphate precipitation which use ; a 50-70/. ammonium 
sulnhate cut Specifically, 50 % (w/w) ammonium sulphate is added at 4 C the precipitate is 
dSaSec KoltowVd by he addition of more ammonium sulphate to bring the concentration to 70 %. 
The protein p JSate s harvested by centrifugation, and then dialysed '"to an appropriate 
ohvsioToa cal injectable buffer, such as saline, to remove the ammonium sulphate before use. It will 
CSS isolated in this way are not purified to homogeneity, but are 

nevertheless suitable for use as a vaccine component. 

If more purified HSP preparation is required, then the HSPs may be purified from the supernatant by 
afflnttv chrom^oqraphy on matrices carrying adenosine diphosphate, such as 
ADP Agarose o? ADP-sepharose. These methods are standard in the art, and are outlined in 
WO 97/10000, WO 97/10001 and WO 97/10002. 

HSPs mav be used at ahv suitable concentration. We prefer that the amount of HSP70 and 
h!p5c implex fhat l administered is in the range of 10-600 ug preferably r 10-100 ug mos 
preferably 25 ug For HSP90 complexes we prefer that levels used are 50-5000 gg, preterabiy nuu 

Ug. 

In order to determine the immunogenic^ of stress Protein-peptide^mplexes T cell Procuration 
as<?avs mav be used Suitable assays he ude the mixed-lymphocyte reaction (MLR), a ssa y ea °l 
Siated rymidinfuptake, and cytotoxicity assays to determine the release of 5'Cr from target cells. 

eSSd uSSstendlrd immunoassays or plaque-lysis assays, or assessed by mterutenne 
protection of a foetus, (see 'Current Protocols in Immunology , supra). 

Vf V wa"s a?s^ed^°s f ing"n ElVsA to detect antibody against VSV G-prctein Antibody litres of 1 : 1- 
10, 000 were routinely obtained. Cytotoxic T-cell activity directed against VSV 

r nmtPin could also be detected in the HSP-immunised mice. Challenge of the raDDits wiin iixeovo v 
oartSeTat 6 2 and 18 moX periods afterthe initial immunisations resulted in the production of 
good Stibody Telponses with titres of 1:1-10 000 indicating good memory responses in the 
immunised animals. 

Example 3 Immunisation with cytokine induced HSPs; protection against live challenge. 

Mouse 3T3 cells expressing Sheep pestivirus E1/2 and NS3 ' protons were ^g^^J^^^ 

anllbodv resDonses Tat 1-2 weeks compared to 45 weeks in the controls and initial studies showed 

l?£Syed?y «h e detector, of processed E1/2 antigens or core viral antigens ,n the serum of 

immunised animals. ___=== 

Data supplied from the esp@cenet database - 12 
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12 PCT/GB99/02607 

WO 00/10597 

Claims 

1 A method for producing a vaccine, comprising the steps of: 

a) treating virally infected, recombinant or cancerous cells with a cytokine in an 
5 amount sufficient to induce the production of heat shock related stress proteins; 

b) extracting the cytokine-induced heat shock proteins from the treated cells; and 

c) using the extracted heat shock proteins in the preparation of a vaccine. 

2 A method as claimed in claim 1 wherein the cellular extract consists essentially of 
10 heat shock-related stress proteins. 

3 A method as claimed in either of claims 1 or 2, wherein the cytokine is selected from 
interferons, tumour necrosis factor and interleukins. 
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A method as claimed in claim 3, wherein the cytokine is interferon a or p. 

5 A method as claimed in claim 3, wherein the cytokine is interleukin 1 or 6. 

6 A method as claimed in claim 3, wherein the cytokine is tumour necrosis factor a. 

20 

7. A method for producing a vaccine substantially as hereinbefore described in any 
one of the examples. 

8. A vaccine obtained according to the method of either of claims 1 or 7. 

25 

9. A vaccine as claimed in claim 8, wherein the cellular extract consists essentially of 
heat shock related stress proteins. 

10. A vaccine as claimed in claim 8, wherein the cytokine is selected from an interferon, 
3 0 tumour necrosis factor and interleukins. 

. _ _ u _ _ A _ vaccine as claimed in claim 8, wheteinjthe cytokine is interferon a or p. 



